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PHOSPHORESCENT PENDRIMERS 

This invention relate to metal-coirfaiinng ph.ospbo(rescent dendrimers with at 

5 least one deiidron that comprises one or more mats that contain a nitrogen atom and 
light-emitting devices coataining them, 

A wide range of inminescent low molecular weight metal complexes are known 
and have been demox^trated as both light emitting and charge transporting materials in 
light emitting devices, in particular light-emitting diodes (LEDs) also known as 

10 electroluminscent (EL) devices. To make efficient devices there must he good charge 
injection, transport and emission from the excitonic state formed. For finorescent 
molecules, a simple analysis of spin statistics associated with the injection of oppositely 
charged carriers which pair to form excitons shows that only 25% of Ihe excitons formed 
in the LED are in ihe smglet state with the remainder forming triplets assuming 100% 

1 5 capture of the charged species. However it has been suggested that the banier of 25% 
for singlet excitons may be exceeded for fluorescent polymers but it is still known to be 
far from 100%. For most organic materials only the singlet states can decay radiatively 
generatmg light, the triplet states decay non-radiatively. The possibility to extract 
luminescence from the triplet excited state has recently been demonstrated by inclusion 

20 of phosphorescent guest metallic complexes in host matrices. These phosphorescent 
metal complexes are generally used in a blend with an organic host The organic host 
plays an io^oxtant role as it is involved in charge transport but also acts as a triplet 
source, i,e: it transfers the excited state to the metal complex for emission. The main 
type of hosts used are based on carba^oles, e.g., CBP (4,4'-N,TSP^carba2ole-biphenyl) 

25 (az/ Xie et al, Adv, Mater., 2001, 13, 1245) and TCTA (4,4',4"-t3:is-(carbazol-9-yl) 

triphenylamine) (M* Ikai et al, -A^L-Phys* Lett,, 2001, 79, 156). It should also be noted 
that TCTA contains a triaryiamme moiely and it has been shown lhat fins can be 
advantageous. However, at times blend systems are sensitive to the (X)ncentration of the 
guest in the host and only low concentrations of the guest can be used before phase 

30 sepacration leads to aggregation or intermolecular interactions of the emissive species 
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increases and this leads to emission quencMng, It has been demonstrated that for 
optimum emission Hie pioportioii of phosphorescent emitter to hc^ meds to be low to 
avoid triplet-triplet annihilatdoa. 

In addition Ihe metal complexes used to date have been designed to be volatile so 

5 that layers can be deposited by thermal evaporation. For OLEDs using evaporated 
emitting layers the guest and host are co-evapoiated, but this is a difficult process to 
control accurately, that is to get the correct ratio of guest to host. Co-evaporated layers 
may also lead to the greater probability of having two phosphorescent emitters closer 
together than m layers deposited from spin-coating a homogeneous solution of the two 

10 components. Jn many ^plications solution processing would' be preferable to 

evaporation, but the current molecular materials do not form good films when deposited 
by solution processing. In addition it would be advantageous to have guest host systems 
in wWch high levels of guest can be used. This is possible with dendritic materials. 
We have aheady disdosed in Britida Application No. 0106307.2 that these 

15 problems are solved by forming certain dendrimers with metal ions as part of the core. 
Dendrimers are branched macromolecules in which branched dendrons (also caUed 
dendrites) are attached to a core. The properties of the dendrimers make them ideal for 
solution processmg and allow inooiporatioii of metal complex chromophores, which 
have been demonstrated to be effective in Ught emitting devices (LEDs), into a solution 

20 prooesaable system. 

Phosphorescent guest-host emissive layers that, are produced by solutioB 
processmg firom a homogeneous solution should have the advantage lhat the 
phosphorescent guest is evenly distributed throughout the formed fihn, assuming of 
course that there is no phase separation. We have demonstrated that for dendrimers with 

25 iridium as part of their core device performance is more tolerant of guest-host 

composition than evaporated devices containing iridium complexes. We beUeve that 
this is due to the more homogeneous fflms produced and the fact that the dendritic 
architecture keeps the cores separated and reduces triplet-triplet quenching. 

Although the prior application shows how to produce solution processable 
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phosphotescent d^ndrimers, iho most efficient LEDs ftom Ihe dendriiBers disclosed m 
British AppUcationNo. 0106307.2 stiU require that the dendritic phosphorescent guest is 
blended mAahostinaterial We have now appreciated, according to the present 
invention, that it would be advantageous to have material in which the two components 
5 of the blend are in a single molecule for the foUowing reasons: 

1. It is critical that each time a blended fihn is prepared the correct ratio of 
gue^ to ho^ material is nsed and this need is obviated if the components aie within a 
single molecule, 

2. The dendritic structare can be involved in the transportation of charge. 
10 . 3 . Incorporation of the components in a single molecule can give improved 

light emission. 

4. Tlie single molecule can allow simpler manufacturabiUly. 

5. The smgle molecule can give improved electrochemical stability. 

6. Having the two components ofthe blend incorporated in a single 

15 molecule can ^ve improved fihn stability, i.e. with no tendency for phase separation 
overtime. 

Accordingly the present invention provides a Ught emitting device and, m 
particular, a Hght emittmg diode, which comprises at least one layer to contains a 
phosphorescent organometalhc dendtimer with a metal cation as part of its core and witii 
20 at least one dendron which comprises at least one 'nitrogen atom which forms part of an 
aromatic ring system or is directly bonded to at least two aromatic groups as well as the 
dendrimers used therein. Thus the dendrimers typicaUy have the formula 



CORE - |jDENDRON]„ Q) 



in ^ch CORE represents a metal ion or a group containing a metal ion, n represents an 
integer of 1 or more, each DENDRON, which may be the same or different, represents a 
dendritic molecular structure comprismg at least one nitrogen atom which forms part of 
an aromatic ring system or is dhectly attached to at least two aromatic groups, CORE 
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terminating in tfee single bond to the first nitrogen atom or aromatic ting to which more 
than one dendritic chain is attached, said nitrogen atom ox rii^ fomnng part of said 
DENDRON. In a preferred embodiment the dendrons are inherently at least partially 
conjugated^ 

5 In an alternative embodiment Uie first branching point is an sp^ hybridised carbon 

atom. ' , 

Dendrons are comprised of branching units and, optionally, linking units. 
Suitable branching units include aryl and heteroaryU which can be fused, and N. It 
should be noted that a N-containing fused heteroaryl ring such as carbazole can be 
1 0 considered a branchmg point. The links between branching points include bonding 
combinations such as aryl-aryl. axyl-Yinyl-aayl, aryl-acetylenyl-aryl, aryl-^aryr-aryl 
(whex^ aryV may be different from aryl), N-aryl and N-aryr-N where aryl and N are 
branching umts. Preferred Imking units include phenyl and fluorenyl An individual 
dendron may contain one or more of each type of branching point. Moreover, in the case 
1 5 of the aryl-vinyl-aiyl and aryl-acetylenyl-aryl luakages within the dendron fiiere may be 
one or more aryl- vinyl or aryl-acetylenyl link between tte branchiag points. Indeed 
there may be more than one vinyl or acety lenyl or aryl moiety between two aryl 
branching units but preferably no more than tihuree. Further, there can be advantages in 
.using an asymmetric deudrimer i,e. where Itoe dendrons are not all the same. 
20 Inherently at least partially conjugated dendrons (dendrites) indicate that they are 

made up of altemating double and single bonds or N lone pairs, apart from the surface 
groups. However Ihfe does not meaa that the TC system is fiiliydelocalised. The 
delocalisation of the it system is dependent on the regiochemistry of the attachmeirts. In 
an inherently at least partially conjugated dendron any branching nitrogen will be 
25 attached to 3 {hetero)aryl groups. It is preferred that at least one, and especially all, of 
Uie dendrons is/are inherently at least partially conjugated. 

As used herein the terms aryl, vinyl, acetylenyl etc. refer to such groups that are 
divalent, trivalcnt or multivalent as appropriate. In a preferred embodiment, the 
dendrons are conjugated. In one embodiment the core (or CORE) is attached to a 
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nitrogeE atom withia ihe dendroa which forms part of an aromatic ring systmi or is 
attached to two olher (hetero) aiyl groups, Inapreferred embodimei^liieidtrogen atom 
forms part of acarbasol? group or is attached to two aromatic groups, preferably phenyl 
groups or substituted fluoreayl groups such that the nitrogen atom forms part of a di- or 

tri.- arylamine group. 

Alternatively, the first single bond is attached to an aryl ^oup, preferably a 
phenyl group. In a preferred embodiment the aryl group is attached to at leasl one 
carbazole group. In one embodiment the N^onlaining units within the dendron are 
carbBZole units. In a preferred embodiipent the branching points are carbazole units 
attached through fee N, 3 and 6 positions. In anoiherprefeted embodiment the 
carbazole branching points are directly hnked whilst in anoUier they are separated by an 
aryl group, preferably phenyl. In another embodiment the dendrons have the nitrogen 
only included in a carbazole moiety, and all the dendrons attached to the core are of this 
type. It should also be noted that depending on which unit the nitrogen atom is in it can 
15 be part of an electron-transport or hole-transport or bipolar moiety. 

It is preferred that when the last branching unit in a dendron is a triarylanrine 
lhan the distal aryl groups possess one or more surface groups that are not hydrogen 
atoms. It is further preferred in this case that the dendrons are at least mherently 

partially conjugated. 

In particular, DENDRON comprises m part an aromatic unit which contains a 
• mtrogenatom. This nitrogen atom either forms part of an aromatic ring system or is 
directly attached to two or ifaree aromatic g^m- Where the nitrogen is pait of a ring 
system, it is preferably in a carbazole &o^yp, and ^en it is attached to aromatic groups, 
the aromatic groups are preferably phenyl or substituted fluorenyl or heteroaryl groups. 
25 Inaprefeiredembodhneotthedettdrimercomprises3-21 carbazole units. 

For molecular phosphorescent iridium based materials it has been reported that 
the host winch ofien contains carbazole units can transfer its energy to the 
phosphorescent guest for emission. In «ie case of green and red emission the host has. 
been reported to have higher energy levels than the guest and for blue emission the 
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energy levels of the host are reported to be lower liian the guest. In the dendrimers that 
contain the host components in the dendxon, the dendron singlet or triplet energy shoiald 
preferably be such thM it can, if formed, be transfen^d to the core for emission. 
Therefore whilst the sioglet or triplet energy of the dendrons is normally greater than the 
5 emission energy of the core it can be Mow that of the core providing the energy 
difference is small enough to allow tibe transfer of energy to the core. To aid this it is 
preferred that the triplet excited states of the dendrons must be longer lived than the 
emissive state of the core. 

The dendrimers of the invention are preferably Imninescent in the solid state. The 
1 0 luminescent moiety may be partially or wholly within the core itself. The luminescence 
is preferably from the metal cation containing core. 

Suitable surface groups for the dendrimers, which are preferably present, and are 
attached to the distal (hetero)aryl group include branched and nnbranched alkyl, 
especially t-butyl, branched and nnbranched alkoxy, for example 2-ethylhexyloxy, 
15 hydroxy, alkylsilane, carboxy, carbalkoxy, and vinyL A more comprehensive list 
mclude a further-reactable alkene, (meth)acrylate, snlphur-containing, or silicon- 
containing gKOxq?; sulphonyl group; polyether group; Crto-Ci5 alkyl (preferably t-butyl) 

K 

group; amine group; mono-, di- or tri-Crto-Cji alkyl amine group; -COOR group 
wherein R is hydrogen or Crto-C,5 alkyl; -OR group wherein R is hydrogen, aryl, or 

20 Crto-Ci5 alkyl or alkenyl; -QaSR group wherem R is Crto-Ci5 alkyl or alkenyl; -SR 
group wherem R is aryl, or Crto-Cis alkyl or alkenyl; -SiRa group wherein the R groups 
are the same or different and are hydrogen, Cpto-Cis alkyl or alkenyl, or -SR' group (R' 
is aryl or Cj-to-Cis alkyl or alkenyl), aryl, or heteroaryl, TypitiaUy ^-bulyl and aJkoxy 
groups are used. Different surface groups may be present on different dendrons or 

25 different distal groups of a dendron* It is preferred that the dendrimer is solution 
processable i.e. the surface groups are such that Ihe dendrimer can be dissolved in a 
solvent 

The surface group can be chosen such that the dendrimer can be patterned. For 
example a cross-linkable group is present which can be cross-linked upon irradiation or 



TO030797S6 PRIODOC-X 2004-05- 



-7- 



by ctemicai reaction. Attematively the surface groi^ comprises a protectmg group 
vMch cm be removed to leave a group which can be cross-liidced. In general, the 
s«r&ce groups are selected so the dendtimers are soluble in solvent suitable for solution 
processing. 

5 The aryl groups within the dendrons can be typically benzene, napthalene, 

biphenyianwMchcaseanarylgroupispresentinlhelinkbetweenadjaceitf 

points) anthracene, fluorene, pyridine, oxadiazole, tria«,le, triame, thiophene, • 
caxbazole, quinoxaline and where appropriate substituted variations. Typical 
substituents include C, to C,,allcyl or alkoxy groups. The aryl groups at Rebranching 
10 points are preferably benzene rings, preferably coupled at ring. positions 1,3 and5, 

triazinyl or carbazole rings. These groups may optionaUy be substituted. Thecarbazole 
unite are typically connected at the 3-, 6- and N positions. 

It will be appreciated that one or more of the dendrons attached to the core can be 
unconjugated. TypicaUy such dendrons include ether-type aryl dendrons, for example 
15 ^^ebenzeneringsareconnectedviaamethyleneoxylink. It wUl also be appreciated 
■ that whenlhere is more than one dendron,the dendrons canbe of the same or different 
generation (generation level is detemrined by the number of sets of branching points). It 
may be advantageous for at least one dendron to be of the second, or higher, generation 
to pro^ade the required solution processmg properties. 
20 The cores typibally comprise ametal cation and attached ligands; the metal is 

central in the co^ and the core is luminescent It shouldbe noted 1hat although the core 
is emissive the attachment oft and Ihe regiochemistry of a«^hment of, the dendrons can 
diieotly affect the emissive properties of the core. The core normaUy comprises the 
metalcationandti^e arylandheteroaryl units directly attachedtothemet^ Insome 

25 cases the heteroaryl and aryl can al«, form abrahching point, e.g. if a second dendron ^s 
attached to the aryl orheteroarylunitlhatiscam^tolhe metrication. Howeverm 

such cases it is still Ihe case that the dendrons attached to the <hetero)aryi unit that is 
bound to the metal cation must themselves contain atleast one nitrogea atom winch 
■ forms part of an aromatic ring system or is directly bonded to at least two aromatic 
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groups. It is to be imderstood tbat tine term "metal ion" or "metal cation", as used 
herein, describes the charge state the metal would h^ve without ligands attached (the 
oxidation state). In the dendrimers tlmfc coEtain a metal cation the overall charge of the 
dendrinier is neutral and the metaUigand bonding will have more or less covalent 
5 character depending on the metal and ligand mvolved. 

When the core comprises a metal cation and attached iigands it- is typically a 
complex of a metal cation and one, two or more coordiiiating groups, at least one, and 
preferably at least two, of the coordinating groups being bound to a dendron. Typically 
the liHidnescence of the dendrimer will derive firom that complex. CORE is typically a 
1 0 complex of a metal cation and two or more coordinating groups^ at least one and 

preferably two or more of the said groups each being bound to a DENDRON moiety as 
defined in formula (I) by the single bond in which CORE in this formula terminates. 

In one aspect of the invention CORE may be represented as a complex of the 
following formida (SI): 



15 



M[x-LYr (n) 



wherein M is a metal cation, each pC-], which are the same or different, is a coordinating 
group X attached to a single bond in which CORE terminates, each Y, which may be the 
20 same or dififerent, is a coordinating group, q is an integer and r is 0 or an integer, the sum 
of (a.q) ^ (b.r) being equal to the nmnber of coordination sites available on wherein 
a is the number of coordination sites on [X-] and b is the number of coordination sites on 

y. 

The single bond in the or each [X-] moiety, being a bond in which CORE 
25 tenmnates, connects to a dendron. Preferably there are at least two dendrons in a 

dendrimer, in which case q in formula (11) is an integer of 2 or more. The said two or 
more dendrons typically have the structures represented by DENDRON as defined 
above. The coordinating groups Y, when present, are neutral or charged chelated ligands 
which are not attached to dendrons and wMoh serve to fulfil the coordination 
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reqtdrements of the metal cation. Suitable Y incl-ude arylpyridiiies and heteroaryl 
pyridines and substituted variants. 

Suitable metals include metals in liie second or third rowof the transitiott metals 

especially iridium, rhemum and platinum, 
5 The second or third row transition metals form organometallic completxes with 

carbon or nitrogen donors. These can include for example porphyrin and aiylpyridines. 
For iridium metal cations the nitrogen donor is generally part of a heteroaromatic ring, 
such as pyridine or substituted pyridine, and die aryl is a phenyl, &sed aryl, or more than 
one aromatic ring, or a heteroaryl, or a substituted equivalent The dendron can be 
10 attached to dther of the rings. The two rings of the "ligand" are normaUy in 

conjugation, so that the metal forms a 5 membered cyclometallaled ring. Alternatively 
the rings can be attached in such a way that they can form a 6-membered 
cyclometallated ring with the metal cation. For the metal dendrimer the emission colour 
is governed by.the lowest energy ligand. For green emission a suitable ligand and 
15 dendron attachment is shown in figure A. For red emission it is appropriate to have 3 
coordinating Kgands each with a dendron attached to pyridine, for example as in Figure 
B. AltemativelyforredemissioniherecouldheoneUgandasmFigureBandtwo 

. todritic Uganda as in Figure A and the Figure B type ligand may or may not have a 
dendron attached. For fliebhie emission it is suitable to have 3 coordinatmgligands 
20 eachwithadendronattachedto1hepyridinfiviasWanethylenelinkwith.forex^^^^^ " 

fiuoro groups on the phenyl, as shown m Figure C. 

Hie dendrimers can be built in a convergent or divergent route, but a convergent 
route is preferred. Thus the dendrons are attached to the appropriate ligands and these 
are subsequently attached to the metal cation to form the dendritie metal complex. 
25 Optionally where the synihetic route allows other non-dendritic Ug^ds can subsequeirtly 
be attached to said complex. . Alternatively a ligand with a suitahly reactive functional 
group can be complexed to the metal ion, and then reacted with appropriately 
fonctionalised dendrons. In this latter method, not all Uganda have to have the reactive 
functional groups, and-thus this method allows the attachment of dendrons to some but 
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not all of the ligands complexed to the metal. A key property of the dendrons is to 
impart solution pxoce^ibility to the metal complex and therefore allow the formation of 
good quality thin films suitable for use in light-emitting diodes- 

The dendritic metal complexes may be homoleptic or contain more than one type 

5 of dendritic ligand, as discussed above. Alternatively^ the metal complex may contain 
one or preferably more than one, e.g. 2 or 3, dendritic ligands phis one or more non- 
dendritic ligands. Also for iridiinn it is possible to have two dendritic phenylpjnridine 
ligands witii the third ligand a non-dendritic arylpyridine ligand. It is desirable that the 
nnmber and/or generation of dendritic ligands is sufficient to provide tlie required 

10 solution processing. In the case of the dendritic metal complexes where all the ligands 
are different the method of preparation may give rise to a statistical mixture of all 
complex types. This is not necessarily disadvantageons providmg that tiie optical, 
electronic, and processing properties are satisfactory. In the case of mixed dendron 
complexes it is preferable that the moieties forming the attachment point to metal are all 

15 the same or have similar binding constants. In the case of dendritic complexes that 
contain two or more different dendrons at least one should desirably be a conjugated 
<^dron. The conjugated dendrons can be comprised of a number of different types of 
branching unite, as discussed above. 

The surfece groups and dendrites can be varied so the dendrimers are soluble in 

20 solvents, such as toluene, THF, water and alcoholic solvents such as melhanol, suitable 
for the solution processing technique of choice. Tyidcally t-butyl and alkoxy groups 
have been used. In addition, the choice of dendron and/or surface group can allow the 
formation of blends with dendrimers (organic or organometallic), polymer or molecular 
compounds. In an alternative embodiment of the present invention the other blend - 

25 component can be a charge transport material. 

According to another aspect of the present mvention the organometallic 
dendximer can be incoipoiated into a light emitting diode as either a homogeneous layer 
or as a blend v/ith at least one dendrimer (organic or organometallic), polymer or 
molecular componnd. 
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The organDmetelUc dendrimers can Toe incorporated into an LED in a 
conventional manner. In its simplest fonn, an organic Ught emitting or 
electroluminescent device can^ formed from a liglxt emitting layer sandwiched 
between two elecliodes, at least one of which mnst be transpaient to the emitted light. 
5 Such a device canhave a conventionai arrangement comprising a transparent substrate 
layer, a transparent electrode layer, a light emitting layer and a back electrode. For this 
pmpose the standard materials can be used. Thus, typically, the transparent substrate 
layer is typically made of glass although other transparent matoMs such as PET, can be 
used. 

10 TheanodewhichisgeneraUytransparentispreferablymadefromindiumtm 
oxide (YTO) although other similar materials including indium oxide/tin oxide, tin 
oxide/anthnony, zinc oxide/aluminum, gold and platinum can also be used. Conducting 
polymers such as PAN! (polyaniline) or PEDOT can also be used. 

The cathode is normally made of a low work function metal or alloy such as Al, 
15 Ca,Mg,Li,or-MgAloroptionaUywithanadditionallayerofLiF. As is well known, 
other layers may also be present, mcludmg a hole transporting material and/or an 
■ electron traxisporting material. For a phosphorescent dendrimer emitter, it has been 
Lmd that it is particdarly beneficial to have a hole-blocking/electron-transporting layer 
between the Ught emittmg dendrimer layer and the cathode, hi an alternative 
20 configuration, the substrate may be an opaque marterial such as siUcoti and the Ught is 
emitted through the opposing electrode. 

An advantage of the present invention is that the layer containing the dendrhner 
can be deposited from soludon. Ckaiventional solution processing techniques such as 
spin coating, mk-jet printing, priming, and dip-coating can be used to depositee 
25 dentoerlayer. a typical device a solution cont^ the dendrimer is appUed over 
the ti-ansparent electrode layer, the solvent ev^orated, and then subsequent layers 
applied: The film thickness is typicaUy lOmn to lOOOnm. preferably less Uian 200mn, 

more preferably 30-1 20nm. 

The invention wiU be described m the Examples which follow, with reference to 
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fiie accompanying drawings wherein: 

Fig. 1 illustrates ftie preparation of carbazolyl dendritic arylpyridine ligands 
(Examples 1 to 3) and a first generation iridium dendrimer. (Exfflnple 11). 

Fig. 2 illustrates the preparation of another carbazolyl arylpyridine dendritic 
5 ligand (Examples 4 to 8). 

Fig. 3 illustrates the preparation of a second generation carbazolyl dendritic 
ligand and a first generation iridium dendrimer (Examples 9, 10), 

Fig. 4 illustrates the prepar^on of a second generation iridium dendrimer 
(Example 12). 

10 Fig. 5 ilhistrates the preparation of another first generation iridium dendrimer 

(Example 13-15). 

Example 1 

15 3.6-Dir4'-f2"He tH^«xv1oxv^phenYncaiba20le 

A mixture of 3,6-dibromocarbazole (12.0 g, 37.1 mmol), the boronic compound GO- 
^Xj , see helow, (24.1 g, 96.4 mmol), tetralds(triphenylphosphine) palladium (0) (800 
mg, 0.692 mmol), 2 MNaaCOac^q) (40 cm^ EtOH (40 cm^) and toluene (100 cm') was 
degassed and then heated si reflux (with bath teniperature of 100 "C) under argon for 42 

20 h. The mhtture was aliowed to cool and diluted with HaQ (30 cm^ and ether (40 cm^. 
The two layers were separated. The aqueous layer was extracted With ethra: (3 x 40 cm'). 
The organic layer and the eUier extracts were combined, washed with brine (1 x 50 cm^) 
and dried (Na2S04) and filtered. The solvente were completely removed and tiie residue 
was purified by column chromatography over silica using ethyl acetate-light petroleum 

25 - (0:1 to 1:10) andDCM-ethyl acetate-light petroleum (4:1:20) as eluent to give 14.7 g 
(69%) of 1; m/z [ABCt} 576 (M+). 
GO-BX2 vfBS prepared as follows: 

4-r2'-EthvlhexYl(^v Vhenvlbromide 




?rO03079736 



PRIODOC-X 



2004-05-18 



-13- 



Sodium hydride (60% dispersion m oil, 17,4 g. 435 mmol) was added in portions to a 
cold Cice-bath) solution of 4-bromophenol (49,0 g, 283 mmol) in diy DMF (780 cm^. 
The mixtoe was stirred at that temperature for 2 h and tbe ice baUi was removed. A 
solution of 2-ethyltexylbromide (54.4 cmK 306 nmiol) in 150 cm^ of dry DMF was 
5 added dropwise through an addition funnel to 1he reaction mbctee and the reaction was 
stirred at room temperature overnight (21 h). The resultant mixture was diluted with 
^ter (400 cm^) and ether (500 cm'). Tho two phases were separated. The aqueous layer 

extracted with ether (3 x 300 cm^) and the organic portion and the ether extracts 
were dried over anhydrous MgSO^, filtered and the filtrate was collected and ev^ted 
10 under reduced pressure to leave a yellow oil. Cblunm chromatography over siHca (half 
amount each time) with light petroleum as eluent afforded GO-Br (54.1 g, 67%) 
3. (CH,a^mn284 (e/dmWom ' 1251), and291sh (1001); 5„(400 MH^; CDCI3) 
0I3-O.97 (6 H, m. Me), 1,30-1.57 (8 H, m, CH.), 1 .68-1.79 (1 H, m, CH), 3.78-3.84 (2 
H m, ArOCH^O. 6.74-6.80 (2 H, m, ArH), and 7.33-7.40 (2 H, m, ArH); 8c(100 MHz; 
15 cicU) ILl, 14.1, 23.0, 23.8, 29.1. 30.4, 39.3, 70.7, U2.4, 116.3, 132.1, and 158.5. 

^p'-Wh Ylhewloxv> r1?^"Yll''^*""^<^ 

rerr-butyl iilMum (1.7 M, 66.0 cm\ 112 mmol) was added carefully to a cold (dry- 
ice/acetone bath) solution of GO-Br (20.0 g, 70.1 mmol) in 300 cm^ of anhydrous THF 
20 ■ mtderanargonatmosphercThemixtoewas sti^ed at -78 X for 1 h and then tri-mefhyl 
borate (57.2 cai\ 421 mmol) was added slowly to the cold mixture. The reaction was 
stirred at -78 for 2 h before bdng removed fiomthe dry-ice/acetone bath. The 
mixture was tbm stirred atrOomtemperatarefor forfher 2.5 hbefore being quenched 
wilii 3 M nCl^ (30 cm'). The two layers were separated. The aqueous layer was 
25 extracted wi& DCM (3 x 30 cm^. Ihe org^c layer and the DCM extmcts were 

combined and dried over anhydrous magnesium sulfate, filtered and the solvents were 
completely removed. Purifioalion by eolnmn chromatography over silica using ethyl 
acetete-light petroleum (WO), andlhen e&yl acetate-DCM (0:1 to 1:3) as elueni gave 
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two major bands; less polar compound GO-B(X)jA, 6.44 g; 8h(200 MHz? CDCls) 0.81- 
1.05 (6 a m. Me), 1.22^1.62 (8 H, m, CHj), 1.68-1.88 (1 H, m, CH), 3.91 (2 H, m, 
ArOCHa), 6.98 (2 H, m, AtH), and 7.77 (2 H, m, ArH); and more polar compound, a 
trimer, GO-BCX^B, 8.40 g; 5h(200 MHz; CDClj) 0.85-1.07 (6 H. m. Me), 1.30-1.64 (8 
5 H, m, CHi), 1 .70-1-90 (1 H, m, CH), 3.95 (2 H, m, ArOCHj), 7.03 (2 H, m, ArH), and 
8.18(2H,ni,ArH), 

Note: either confound G0-B(3C)iA. or G0-B(X)2B can &e j*sei^ in the reaction to form 
the mxt generation dendrons. 

10 2-r3VCarGl.Ph->PvO^ 

2-f3'-^3'^6''-D^f4"'-a''"-ethvllle?!:vloxv^henvllcmba2olvUptovIVri 
Tris(dib«izylideneaoetone)di-i«lladium (0) [Pd2(dba)3] (175 mg, 0.191 mmol) and tii- 
tef-r-butylphosphine (10% inhexane, 1.6 cm^) were added to a degassed (Sohlenkline, 
evacuated and back-filled witii argon) mixture of carbazolyl compound 1 (3.50 g, 6.08 

1 5 mmol), 2-(3'-brorooplienyl)pyridine, 2-(3'-BrPli)Py, M. van der Sluis, V. Beverwijk, A 
Termaten, F. Bickelhaupt, H. kooijmaa, A L. Spek, OrganometalJics. 1999, 18, 1402- 
1H07; (2.85 g, 12.2 imnol), sodium tert-hvXGidds (1.75 g, 18.2 mmol), and freshly 
distilled toluene (from sodium under nitrogen) (6.0 cm^). The dark purple mixture was 
degassed again before being heated at reflux (with bath temperature of 1 30-1 35 °C) 

20 under argon for 68 h. The mixture was allowed to cool and washed with H2O (1x15 

cm^), dried (MgS04) and filtered and the solvent was removed. The mixture was purified 
by coliram chromatography over silica usuag DCM-li^t petroleum (1 :4) as eluent to 
give 4.27 g (96%) of 1 as a ligbt brown yellow oil; m/z [APCt] 729 (M+). 

25 E?fflinp|^3 

2.Q'.^CarG2.PhPh>Py 

2-f3'-r3"-5"-Dif3"'.6'"-dir4""-f2""'- 

ethvlhexvloxv>phenvl1carbazolvni ^bt^vr>pbenvntmi<feie 



i 



! 
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Tris(dibenzyMeneacetotte)di-paikditmi (0) [Pd2(dba)3] (60 mg, 0.066 namol) and tri- 
?er?-bnlylphosphiiie (10% in hexane, 1 .0 cm^ were added to a degassed (Schlenk Hue, 
evacuated and back-fiUed wiai argon) mixtare of carbazolyl compovmd 1 (3.55 g, 6.17 
mmoi), 2-[3'-(3'%5"-dibK}mopheiiyl)phenyl]pyriditie, DBPPh-Py seebelovr, (1.00 g, 
5 2.57 mmoY), sodium ter^-butoxide (988 mg, 10.3 imnol), and freshly distilled toluene 
(from sodium under nitrogen) (15 cm^). The daxk puiple to brown mixture was degassed 
again before being heated (with bath temperature of 80 "C for 17 h) and then at reflux 
(with bath temperature of 130-135 °C) under argon for 5 days, The reaction was allowed 
to ijool to room temperature and quenched with 5 cm^ of H^O. The mixture was purified 
10 by column chromatography over siliea using DCM-light petroleum (0:1 to 1 :40) as 
eluent to give 3.22 g (91%) of 3; (Found: C, 84.4; H, 7.8, N, 3.1. CAyt^sO, requires 
C, 84.5; H, 7.8, N, 3.1%); 5^(400 MHz; CDCI3) 0.92-1.07 (24 H, m. Me), 1.32-1 .68 (32 
H, m, CHi), 1.73-1.89 (4 H, m, CH), 3.96 (8 H, m, ArOeH^), 7.08 (8 H, m, ArH), 7.26- 
7.33 (1 H, m, PyH)^7.61-8.14 (24 H, m, ArH, CarH & PyH), 8.40 (1 H, m, CaxH), 8.46 
15 (1 a ni, ArH), and 8.74 (1 H. m,PyH); 8^(101 MHz; CDCI3) 11.2, 14.2, 23.1, 23.9, 
29.1, 30.6. 39.4, 70.6, 110.1, 114.9, 118.5, 120.7, 122.5, 123.5, 124.2, 124.4, 125.6, 
126.0, 127.0.127.7, 128.2, 129.7, 133.8. 134.1, 136.9. 139.8, 139.9, 140.1, 140.4, 144.7, 
149.8. 156.8. and 158.6; m/z [MALDTj 1378, 1379, 1380, 1381, 1382 (M+). 
DBPPb-Py was prepared as follows: 
20 PPh-BOR. 

7■,.p'>f4'^4'^5'^fi"-tetramethv1-l*^3'^2" -^^^nxabo^olan-2'W^>ph«}nYllPYri«^ine 

Tert-butyl lithium (1.7 M, 36.6 cm\ 62.1 mmol) was added to a cold (dry-ice/acetone 
bafe) solution of 2-(3'-BrPh)Py (8.10 g, 34.6 mmol) in 130 cm^ of anhydrous THF 
under an argon atmosphere. The mixture was stirred at -78 °C for 2 h and then 2- 
25 isopropoxy-4,4,5,5-tetramethyH ,3,2-dioxaborolane (9 cm^") was added rapidly to the 
cold mixtare. The reaction was stirred at -78 °C for 2 h and the dry-ice/acetone bath was 
removed. The mixture was then stirred at room temperature for fiirflier 20 h before being 
quenched with HjO (30 cm^). The two layers were separated. The aqueous layer was 
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extracted with ether (3 x 40 cm^). To the aqueous layer, NaCHOa^gat) (40 cm^) was added 
ajid the aqueous layer was further extracted with ether (2 X 40 cm^). The organic layer 
and the ether extracts wem combined and dried over anhydrous sodium sulfete, filtered 
and the solvents removed. Purification of the crude mixture by colmnn chromatography 
5 over silica using DCM-light petroleum (0: 1 to 1 :30) as eluent gave 4*92 g (50%) of PPh- 
BOR2; (Found: C, 72.6; 7.2; N, 5.0. Ct7H2oBN02 requires C, 72.6; H, 7.2; 5.0%); 
5h(400 MHz; CDCI3) 137 (12 H, s. Me), 7.23 (1 H, m, PyJ-I), 7.51 (1 H, m, AxH), 7.76 
(1 H, m, PyH), 7.80 (1 H, m, ArH), 7.87 (1 H, m, FyH), 8 J4 (1 H, m, ArH), 8.40 (1 H, 
m, ArH), and 8.71 (1 H, m, PyH); 6c(101 MHz; CDCI3) 24.9, 83.9, 120.7, 122.0, 128.2, 
10 129.9, 133.2, 135.3, 136.6, 138.7, 149.6, 154,6, and 157.5; m/z [APCr] 283 (MH"^). 



DBPPh"Pv 

A mixture of PPh-BORj (5.15 g, 281 mmol), 1,3,5-tribromobenzene (6.92 315 
15 mmol), tetrakis(triphenyIphosphine) palladium (0) (846 mg, 0.732 mmol), 2 M 

Na2C03(5q) (12 cm^), EtOH (12 cm^) and toluene (48 cm^) was degassed and then heated 
at reflux (with bath temperature of 105-1 10 °C) under argon for 19.5 h* The mixture was 
allowed to cool. Water (10 cm^) and ether (20 cm^) were added to the mixture. The two 
phases were separated. The aqueous layer was extracted with ether (3 x 20 cm^)* The 
20 cwrganic layer and the ethear essstracts were combined and dried over anhydrotis sodiima 
sulfate and filtered. The solvents were coinpletely removed. The residue was purified by 
column chromatography over silica using ethyl acetate-light petroleum (0;1 to 1 :20) as 
eluent to give 4.70 g (66%) of DBPPh~Py; (Found: C, 52.6; H, 2.5, N, 3.6. C,yHuBr2N 
requires C, 52.5; H, 2.9, N, 3.6%); 5hC400 MHz; CDCI3) 7.29 (1 H, m, PyH), 7.57 (2 H, 
25 m, ArH), 7.67 (1 H, m, ArH), 7.75 (2 m, ArH), 7.79 (2 H, m, PyH), 7.99 (1 H, m, 
ArH), 8.19 (1 H, m, ArH), and 8.74 (1 H, m, PyH); 5c(101 MHz; CDCI3) 120.7, 122.5, 
123.2, 125.7, 126.9, 127.6, 129.1, 129.4, 132.7, 136.9, 138.9, 140.2, 144.6, 149.8, and 
156.8; m/z [EI] 386, 388, 390 (MM*), 
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Eyamp]l<i 4 

Method 1: 

5 TTis(diben2ylideneacetotie)di-paUadium (0) (125 mg, 0.137 mmol) andtri- 

tert-hntylphospiune (10% in hexane, 0,5 cm^ were added to a degassed (Schleok line, 
evacuated and back-filled with argon) mixture of caAazolyl compound 1 [Example I] 
(3.14 g, 5.45 mmol), 1,4-dibromobenzene (12.3 g, 52.2 mmol), sodium /ert-butoxide 
(1.00 g, 10.4 mmol), and distiUed xylenes (15 cm^). The mixture was degassed again 

10 b^ore being heated (with bath temperature of 135 °C) under argon for 1 15 h. The 

mixhire was allowed to cool to ambient temperature and quenched with H^O (0.5 cm^). 
The mixture was purified by column cbcromatography over silica using light petroleum 
as eluentto give 1.46 g (37%) of 8; (Found: C, 76.1; H, 7.1, N, 2.1. C46H32BrN02 
requires C. 75.6; H, 7.2, H 1.9%); S„(400 MHz; CD^Cl,) 0.94-1 .03 (12H,m,Me), 1-46- 

15 1.70 (16 H, m, CH,), 1.77-1.89 (2 H, m, CH), 3.97 (4 H, m, ArOCH^), 7.07 (4 H, m, 
ArH), 7.47 (2 H, m, ArH). 7.52 (2 H, m, CarH), 7.64-7.73 (6 H, m, ArH), 7.79 (2 H, m, 
CarH), and 8.41 (2 H, m, CarH); 5c(101 MHz; CD^Cl^) 11.8, 14.7, 23.9, 24.7, 29.9, 31.4, 
40.3. 71.4, 110.7, 115,7, 119.0, 121.4, 124.9, 126.1, 128.8, 129.2. 133.9, 134.3, 134.6, 
137.6. 140.9, and 159.5; m/z |MALDn 730, 731, 732, 733, 734 (MB^. 

20 

Method 2: 

Tris(dibenzyUdeneacetone)di-palladium (0) ^^(dba)^] (25 mg, 0.027 mmol) and tri- 
fert-butylphosphine (10% in hexane, 0.1 cm*) were added to a degassed (Schlenk line, 
evacuated and back-filled with argon) mixture of carbazolyl compound 1 [Example Ij 
25 (628 mg, 1 .09 mmol), l-bromo-4-iodobenz6n6 (1 .54 g, 5.45 mmol), sodium tertr 

butoxide (200 mg, 2.08 mmol), and distilled xylenes (3 cm*). The mixture was degassed 
again before being heated (with bath temperature of 131 °C) under argon for 27 h. The 
resultant was allowed to cool to room temperature and quenched with HjO (0.5 cm^). 
The mixture was purified by column chromatography over silica using DCM-light 
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petroleum (0:1 to 1:20) as eitifint to give 476 mg (60%) of S as an oil; characterization 
data as above. 



Example 5 

5 OMtk^GRaJSi 

2^f443^6^Di^4"^2"'>-etfavlhexvloxv>phenvl^carba2Qlvnph^^ 
1 3.2-dioxaborQlaQel 

Tert-hMtyl lithium (L7 M, 3.0 cm^ 5 J7 nmol) was added to a cold (dry-ice/acetone 
halhi) solution of aryl bromide 8 (2,36 g, 3.23 mmol) in 22 cm^ of anhydrous THF under 

1 0 an argon atmosphere. The mixture was stirred at -78 ""C for 1 h and then 2"isopropoxy- 
4,4,5,5-tetrainethyl"13,2-dioxaborolane (L32 cm\ 6.46 mmol) was added rapidly to the 
cold mixture. The reaction was stirred at -78 '^C for 2 h before being removed from the 
dry-ice/acetone batii. The mixture was then stirred at room temperature overnight (12.5 
h) before being quenched with H2O (3 cm^). One hour later, 10 cm^ of ether and 20 cm^ 

15 of brine were added to the roixture. The two layers were separated. The aqueoi^ layer 
was extracted with ether (3 x 20 cm^). The organic layer and the ether extracts were 
combined, washed with brine (1 x 40 cm^) and dried over anhydrous sodium sulfate, 
filtered and the solvents were completely removed. Purification by column 
chromatography over silica using I>CM-light petroleum (0:1 to 1:4) as eluent g^ve 1.24 

20 g (49%) of 9; (Found: C, 80.3; H, 8.3; H 1 .8- C52H64BNO4 requires C, 80.3; H, 8.3; 
L8%)5h(400 MHz; CDCI3) 0.96-L03 (12 H, m. Me), 1.33-1.66 (28 H, m, CHa & Me), 
1.76^1.87 (2 H, m, CH), 3.95 (4 H, m, ArOCH^), 7.07 (4 H, m, ArH), 7.53 (2 H, m, 
CarH), 7.62-7,71 (8 H, m, ArH & CarH), 8,12 (2 H, m, ArH), and 8.38 (2 H, m, CarH), 
6c(101 MHz;CDa3) 11,2, 14.2, 23,1,23.9,249, 29.1,30.6, 39,4,84.1, 110,2, 114.9, 

25 118.3, 124.2, 125.4, 125,8, 128.2, 133,5, 134.2, 136.4, 140.1, 140.4, and 158,5; m/z 
[MALDI] 777, 778, 779, 780, 781 (M^. 
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Example 6 
CarPh-Car 

^.fi^ir4'-/;^^6"-dir4"'-f2"»>elhvlhexv3 ^y yVhenvl1carbazolvUT)heavlV^ 

A mixture of 3,6-dibromocaibazDle (196 mg, 0.604 mmol), i (1.08 g, 1.39 mmol), 

5 tetrakisOripheaylpitosphine) palladium (0) (35 mg, 0.03.0 mmol), 2 M NaaCOstaq) (0.8 
em^), EtOH (0.8 can^) and toluene (2.0 cm^) was degassed and then heated at reflux (with 
bath temperature of 1 12 °C) under argon for 37 h. The resultant orange mbctore was 
allowed to cool to room temperature and purified by column chromatography oy&c silica 
using DCM-hght petroleum (0:1 to 1:10) as eluent to give 571 mg (65%) of 10; 5h(400 

10 MHz; CDCI3) 0.92-1.06 (24 H, m. Me), 1.34-1.67 (32 H, m, CH^), 1.76-1.88 (4 H. m, 
CH), 3.94 (8 H, m, ArOCHj), 7.06 (8 H, m, ArH), 7.52-7.61 (6 H, m, CarH & ArH), 
7.64-7.76 (16 H, m, ArH & CarH), 7.82 (2 H, m, CarH), 7.98 (4 H, m, CarH), 8.15 (1 H, 
br s, NH), 8.39 (4 H, m, CarH), and 8.52 (1 H, m, CarH); 8c(101 MHz; CDCI3) 1 1 .2, 
14.2,23.1,23.9,29.1,30.6,39.5,70.6, 110.2, 111.3, 114.9,118.3, 118.9, 124.1, 125.3, 

15 125.6, 127.1, 1282, 128.6, 132.2, 133.4, 134.3, 136.2, 139.6, 140.4, 141.0, and 158.6; 
m/z [MALDI3 1467, 1468, 1469, 1470, 1471 Qm+). 

gxample 7 

2-f3'-CarPli G3 -PhPh^Pv ai> 

20 2-f3'-^3"-5"-dip'"-6'"-dir4""-l3 "'".6"'"-dir4""M2"""'- 

fttby1be»nf1nxv Vhenvncarba2X>M> pbenvl^carbazolvlh>henvnphmvl)PY4di^^ 
Tris(dibenzylideneacetone)di-palladimn (0) |Pd2(dba)j3 (2.2 mg, 0.002 mmol) and tri- 
terf-bxrtylphospWne (10% in hexane, 0.05 cm^ were added to a degassed (Schleak line, 
evacuated and back-flUed with argon) mixture of cart>azolyl corapoiind M (339 mg, 

25 0.23 1 mmol), 2-[3'-(3,5-dibromophenyl)phenyl3pyridine l>]BPf h-Py) (37.5 mg, 0.096 
, mmol), sodium /ert-butoxide (37 mg, 0.385 mmol), and distilled xylenes (0.9 cm'). The 
mixture was degassed again before being heated (with ba* temperatooe of 121 "C) under 
argon for 3 days. The mixture was allowed to cool to room temperature and quenched 
with H2O (0.2 cm^). The mixture was purified by column chromatography over silica 
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■ using DCM-light petroleum (0:1 to 1 :20) as eluent to give 45 mg (1 5%) of M; 8a(200 
MHz; CDCI3) 0,88-LO6 (48 H, m. Me), 1-25- L64 (64 H, m, CH2X 1-66-1.90 (8 H, m, 
CH), 3.89 (16 m, ArOCHa), 7,03 (16 H, m, ArH), 7,20-736 (1 H, PyH), 7.48-8.13 
(m m, CarH, ArH & PyH), 8.14-8.64 (17 m, ArH & CarH), and 8,75 (1 H, m, 
5 PyH); m/z [MALDI] 3160, 3161, 3162, 3163, 3164, 3165 (MH+). 

Example 8 
CPfa-Pv f 12> 

2 43 ^-f jV-Cai'bagol vDphetivllp vridine 

10 Tris(dibenzylideneacetone)di-palladium (0) [Pd2(dba)3] (60 mg, 0.066 inmol) and tri- 
/^r/-butyiphosphine (10% in hexane, 0.3 cm^) were added to a degassed (ScMetik line, 
evacuated and back-filled with argon) mixture of carbazole (13 1 g, 7,82 mniol)> 2-(3 - 
bromopheiiyi)pyridine (2-(3'-BrPh)Py) (610 mg, 2,61 romol), sodium rer/-butoxide 
(1,00 g, 10.4 nmiolX and distilled toluene (15 cm^). The mixture was degassed again 

1 5 before being heated (with bafh temperature of 135 **C) under argon for 1 1 8 h* The 

mixture was allowed to cool to ambient temperature and quenched with H2O (0.5 cm^). 
The mixture was purified by column chromatography over silica using DCM-light 
petroleum (0:1 to 130) mid then efhyl acetate-light petroleum (1 :20) as eluent to give 
835 mg (100%) of 12; 8a(200 MHz; CDCI3) 7.21-7.92 (1 1 H, m, PyH, CarH & ArH), 

20 8.12^8,33 (4 H, m, PyH, CarH & ArH), and 8.75 (1 H, m, PyH); m/z [APCH 321, 322, 
323 (MH+). 

Example 9 
DBCPh-Pvfl3> 
25 2-f3^-(3"--6"-Di-bromocarbazolvDphenvl]pvridiBe 

A solutioa of NBS (547 mg, 3*08 mmol) in 27 cm^ of dried (over molecular sieves) 
DMF was added dropwise (over --20 min) to a cold (ice-bath) solution of 
carbazolylphenylpyridine 12 (465 mg, L45 nnnol) in 41 cm^ of anhydrous DMF under 
argon. The mixture was stirred at 0-2 ''C for 3.5 h and then ambient temperature for 42 h. 
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Tbe crude (bro^ra mixture) was poured into 50 cm= of water and extracted with ether (3 
X 100 cm'). The ether eTitracts were combined, washed with brine (1 x 100 cm^) and 

. dried (lSfaaS04), filtered and the solvents were removed to leave a brown solid. The crude 
residue was washed with light petroleum (3 x 1 00 cm^. The soUd was collected and 

5 dcied under reduced pressure to give 540 mg (70%) of 13; 8^(200 MHs^ CDCI3) 7.23- 
7.40 (3 H, m, PyH 8c CarH), 7.42-7.60 (3 H, m, ArH & CarH), 7.62-7.78 (3 H, m, PyH 
& ArH), 8.09-8.28 (4 H. m, PyH, CarH & ArH), and 8.72 (1 H, m, PyH); m/z [APCr] 
477,479,481 (MH+). 

10 Example 10 

?-f^'-n"."'-din"'.fi"'-Dir4""-f2""'- 

.^T.y 1h^vvlnyv^nhei3vl1ci *rt.ffv:o1vncarbay.olYl>phenvl1pYridii[ie 
TrisCdiben^Hdeneacetone)di-palladium (0) IPd2(dba)3] (12 mg, 0.013 mmol) and tri- 
15 tert-butylphosphine (10% in hexane, 0.2 cm^) were added to a degassed (Schlenk Une, 
evacuated and back-filled wife argon) mixture of 2-[3H3"-6''-di- 
bromocarbazolyl)phenyl]pyridine M (280 mg, 0.586 mmol), DEHP-Car l.(Example 1) 
(800 mg, 1.39 mmol), sodium ter^-butoxide (200 mg, 2.08 mmolX and distilled xylenes 
• (3 cm^. The mixture wm degassed again before being heated (with bafh temperature of 
20 133 ''C) under argon for one wedk. The mixture was allowed to cool to room 

temperature and quenched with HjO (0.5 cm'). The crude was purified by column 
chromatography over siUca using DCM-light petroleum (0:1 to 1:10) as elueart to give 
«173 mg («20%) of M; 5hC2O0 MHz; CDCI3) 0.82-1.05 (24 H, m. Me), 1.24-1.64 (32 H, 
m, CHa), 1.66-1.89 (4 H, m, CH), 3.92 (8 H, m, ArOCH^), 7.03 (8 H, m, ArH). 7.28-7.93 
25 (26 H,.m, PyH, CarH & ArH), 8.18-8.47 (7 H, m, ArH, PyH & CarH), and 8.78 (1 H, m, 
PyH); IMALDI] 1468, 1469, 1470, 1471, 1472 (MH^"). 



Example 11 
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irflctrisf2-f3'-/3^6''-dir4'"-f2''"-ethvlhexvloxvVhenvncarbazolvUphe^^^ 
iridiuti^ OH) 

A mixfaire of the 2-^'-Car Gl-Ph)Py ^DBxample 2] (3.25 g, 4.46 mmol), iridium 
chloride tri-hydrate (314 mg, 0.892 mmol), HjO (7.0 cm?) and 2-ethoxyethanol (23 cm^ 

5 was heated (bafh temperature: 127 °C) under argon for 40 h. The resultant orange 

mixture was allowed to cool to ambieirt temperature to precipitate the orange solid. The 
filtrate was separated and the 2-ethoxyethanol removed under high vacuum. The 
residue was purified by column chromatogr^hy over silica with DCM-light petroleum 
(1 :30 to 0:1) as elvient to give 244 mg of the excess ligand 2 and 110 mg of the desired 

10 dichloro-bridged dimer 4. The orange solid was purified by column chromatography 
over silica with DCM-light petroleum (0:1 to 1 :0) as eluent to give 1.02 gof 4. This 
was combined with the other fraction of 1 to give 1 . 13 g (75%); 6h 0.86-1 .01 (48 H, m. 
Me), 1.28-1.63 (64 H, m, CHj), 1.71-1.87 (8 H, m, CH), 3.92 (16 H, ra, ArOCHj), 6.37 
(4 H, m, ArH), 6-99-7.09 (24 H, m, AxH & PyH), 7.37 (8 H, m, CarH), 7.54 (8 H, m, 

15 CarH), 7.63 (16 H, m, ArH), 7.78-7.87 (8 H, m, PyH & CarH), 7.91 (4 H, m, PyH), 8.35 
(8 H, m, CarH), and 9.48 (4 H, m, PyH); 5c(101 MHz; CDCI3) 1 1.2, 14.1, 23.1, 23.9, 
29.1,30.6, 39.4, 70.6, 110.0, U4.S, 118.2, 119.1, 122.4, 123.2, 123.7, 125.2, 128.2, 
131,9, 132.1, 133.0, 134.3, 137.1, 140.7, 144.3, 145.4, 151,9, 158.4, and 167.8; m/z 

20 A mixture of the above obtained iridium complex'4 (910 mg, 0.540 mmol) and 2-{3'- 
Car Gl-Ph)Py 2 (1 -66 g, 2.28 mmol) and silver trifluoromethanesulfonate (277 mg, 
1 .08 mmol) was heated (bath tempeara,ture: 145 °C) for 6.5 days under argon. The 
reaction was then allowed to cool to room temperature. The d^k brown mixture was 
purified by column chromatogr^hy over silica with DCM-light petroleum (0: 1 to 1 :4) 

25 as eluent to give 63 1 mg (49%) & TGA^^) 420 "C; "KJrm (flrin fihn) 265 and 297; 5h 
(400 MH^ CDaCU) 0.92-1.04 (36 H, m, Me), 1.33-1.67 (48 H, m, CHj), 1.78-1.87 (6 H, 
m, CH), 3.94 (12 H, m, AxOCHj), 7.03 (4 H, m, ArH), 7.1 1 (1 a m, PyH), 7.26 (1 H, m, 
ArH) 7.42 (1 H, m, ArH), 7.46-7.75 (9 H, m, CarH, ArH & PyH), 7.80 (1 H, m, PyH), 
7.92 (1 H, m, PyH), 7.97 (1 H, m, ArH) and 8.41 (1 B, m, PyH); tn/z [MALDI] 2374, 
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2375, 2376, 2377, 2378, 2379, 2380 (MH*)- Moreover, 1.45 g of light yellow brown oU • 
was isolated as flie excess ligand %. 

y.-yffiTOi'pl^ 

^hv1Tie.vv1o^>bI?^v1 1o»rhamlvl>pbenv1>pliepYnPY ridine } iridium m) 
A mixture of 2-(3'-Car G2-Ph)P.y 1 (734 mg, 0.532 mmol), iridium chloride tri-hydrate 
(38 mg, 0.106 mmol), H2O (1.5 cm^) and 2-butoxyethanol (6.5 cm') was heated (bath 
10 temperature: 140 "C) under argon for 3 days before being cooled. The yellow precipitate 
was filtered off and washed with 95% of EtOH (-10 cm'). The yellow soUd was 
dissolved into 5 cm^ of DCM and purified by column chromatography over sUica using 
DCM-Hght petroleum (0:1 to 1:4) as ehientto give 85.2 mg (27 %) of a brownyeUow 
solid as the dichloro-bridged diner & m/z (MALDI] 2949 (broad) (C, AalrNeOrCl"*). 
1 5 Moreover, a Ught yellow-brown solid was isolated (589 mg, 80%) as the excbss ligand 1. 
A mixture of the above obtained iridium complex (80 mg, 0.27 mmol) and the recycled 
2-(3'-Car G2-Ph)Py 3 (589 mg, 0.427 mmol) and silver triflooromelhanesulfonate (15 
mg. 0.058 mmol) was heated (bath temperature: 160 "€) for 5.5 days under argon. The 
reaction was then allowed to cool to room temperature. The mixture was dissolved mto 
20 10 cm^ of DCM and purified by column chromatography over siHca with DCM-light 
petroleum (0:1 to 1 :0) as eluent to give 78 mg (67%) of solid as 7; X^/rm (thin film) 
261 and 298; 5„(500 MHz; CDCI3) 0.89-1.00 (72 H, m, Me), 1.30-1.60 (96 H, m, CH^), 
1.72-1.84 (12 a m, CH), 3.90 (24 H, m, ArOCHj), 6.92-7.03 (30 H, m, ArH & PyH), 
7.17 (3 H, m, PArH) 7.37 (3 H, m, PyH), 7.59-7.69 (51 H, m, ArH & CarH), 7.77 (3 H, 
25 m, ArH), 8.10-8.07 (12 H, m, ArH), and 8.34 (4 H, m, CarH); m/z [MALDI] 4327 
(broad) (MH*). Excess Ugand S was isolated as a Ught yellow-brown soUd (380mg) 



2-/4*-CarGl-Ph1Pvm^ 
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2^(4^>^<3".6"-Di[4"^^(2'"-ethYlhexYloxvlphenyIlcarbazoM 

Tris(dibe3D2ylideneacetoiie)di-palladium (0) [Pd2(dba)3] (1 14 mg, 0,124 tamol) and tri- 
ter^-butylphosphine (10% in hexaiie^ 0,7 cm^) were added to a degassed (Schlenk line, 
evacuated and back-filled with argon) mi>dure of DEHP-Car 1 [Example 1] (3,27 g, 5.68 
5 rnrnol), 2-(4'"bromoplieayl)pyridine 2(4'-BrPh)Py (2.66 g, 1 L4 iiunol) M. A. Gutierrez, 
a R. Ne\s4:ome, J, Selbin, J. Organomet Chem., 1980, 202, 341-350, sodium tert- 
butoxide (1 ,64 g, 17, 1 mmol), and distilled tolu^e (from sodium under nitrogen) (6,0 
cm^). The dark puxple mixture was degassed again before being heated at reflux (with 
bath temperature of 90 "^C for 48 h and then 140 for anther 3 days under argon. The 
10 mixture was allowed to cool and washed with H2O (1x15 cm^), dried (MgS04), filtered 
and the solverd: removed. The mixture was purified by column chromatography over 
silica using DCM-light petroleum (1:0 to 1:10) as eluent to give 2.87 g (69%) of H as 
Kght brown yellow oil; m/z [APCr] 729 (M+). 

15 Example 14 
jBr^^>tp(22> 

A mixture of 2,5«di-bromopyridine (4.43 g, !8,7 mmol), tbiaBaphfliene-2-boroxuc acid 
(4,00 g, 22.5 mmoi), tetrakis(triphenyiphosphine) palladium (0) (886 mg, 0,749 mmoi), 
20 2 M Na2C03(^4) ( 1 8 cm^);. EtOH (1 8 cm^) and toluene (50 cm^) was degassed and heated 
at reflux (with bath temperature of 1 02 ° C) under argon for 20 h. The mixture was 
allowed to cool. The reaction precipitate miTcture was filtered off and the precipitate 
washed with light petroleum. The solid was dried under vacuum to give 4.53 g (83%) of 

25 

CarGl^btp( 23 ) 



Tris(dibenzylideneacetone)di-palladium (0) p*dj(dba)3] (50 mg, 0*055 mmol) and tri- 
/erf-butylphosphine (10% in hexane, 0.8 om^) were added to a degassed (Schlenk line. 
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evacuated and back-filled with argon) imxture of DEHP-Car (D (1 .90 g, 3.30 mmol), 
Br-btp 02} (300 mg, 1 .03 mmol), sodium fert-butoxide (348 mg, 3 .62 mmol), and 
distilled toluene (from sodium under nitrogen) (2.0 cm^). The mixture was degassed 
again befoie being heated at teflux (with baih temperature of 1 12'>C) for 7.5 days under 

5 argon, tte mixtorewasaUowedto cool andSOcm^ ofDCM was added. HaO(0.5cm^) 
was added to ibs mixtuie. The mixture was then concentrated to about 10 cm^ and 
purified by column chromatography over silica using DCM-light petroleum (1 :40 to 
1:20) as eluetrtto give 156 mg (19%) of 22; 5^(200 MHz; CDCI3) 0.83-1.08 (12 H, m. 
Me), 1.27-1.63 (16 H. m, CH^, 1.70-1.89 (2 am, CH), 3.93 (4H, m, AxOCH^), 7.05 (4 

10 H, m, ArH), 7.38-7.52 (4 a m, ArH & CarH), 7.54-7.72 (6 a m, ArH), 7.81-8.03 (5 a 
m! clra AxH & PyH), 8.37 (2 a CarH). and 8.94 (1 a m, Pya (APCT*] 729 
(M^. 

Example 15 

15 Fac [2-(4'-Car Gl-Ph)Pyl3lr (25) 

i?-ac tris[2-(4'-{3'%S"-di[4"'-(2''"-ethylhexylo3sy)pheiiyl]carbazolyl}phe^^ 

Iridium (III) 

A mixture of 2-(4'-Car Gl-Ph)Py 21 (2-57 g, 3.53 mmol), iridmm chloride tri-hydrate 
(560 mg, 1 .59 mmol), H^O (5 cm^) and 2-butoxyethanol (30 cm^) was heated (bath 

20 temperature: 125-141 "C) under argon for 48 h. The resultant orange mixture was 
allowed to cool to ambient temperature to precipitate the orange soUd. The solid was 
filtered and washed with 95% of EtOH. Further purification of the residue by column 
chromatogmphy over sihca with DCM-Hght petroleum (0:1 to 1 :0) as eluent gave the 
dichloro-bridgeddimer 24; 5h(400 MHz; CDCi.) 0.93-1.01 (48 a m. Me), 1.32-1 .64 (64 

25 a- m, Ca), 1.73-L88 (8 a m, CH), 3.93 (16 H, m, ArOCH,). 6.28 (4 H, m, ArH), 7.75 
(4 am, PyH), 7.01 (16 am, ArH), 7.12 (4 H, m, ArH), 7.33 (8 H, m, CarH), 7.51 (8 
a m, CarH). 7.58-7.70 (20 a m, ArH), 7.74 (4 H, m, Py^, 7-90 (4 H, m, PyH), 8.25 (8 
a m, CarH). and 9.49 (4 H, m, PyH); 5c(101 MHz; CD.CI3) 11.2, 14.1, 23.1, 23.9. 29.1. 
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30.6,39.4,70.6, 110.7, 114.8, 117.9, 119.1, 119.2, 124.0, 125.0, 127.7, 128.1, 133.1, 
134.3, 137.0, 137.8, 139.6, 142.6, 146.3, 151.3, 158.5, and 167.5; 
Using a method similar to that described in Example 1 1, the dicMoro-bridged dimer 24 
can then be used to fomi the dendrimer 25. 
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Ir-G2 hfac tris{2^pX3'%5''"di{3"%5''^-di[4""-2""- 
etiiyIhexyloxy)pheiiyl]pheiiyl} phenyl) 

Pl3.ejiyl]pyridme}iriditim (III) which is a second generation dendrimer. Ir-Gl is fac tris 
[2-{3 {3 ' %5 ' ' "di[4" '-(2 ' ' ' '"ethylhexylo>cy)phenyI]phenyi}phenyl)pyridine]MdiiH^ (III) 
which is a first generation dendrimer. (The synthesis of these dendrlmers is given in the 
PCT application claiming priority from GB 0104175.5). 

As can be seen from the table the efficiency of a device containing a neat layer of the 
second generation dendrimer 7 is greater than that of a device containing a neat layer of 
the first generation dendrimer 5. Both of the devices based on the new dendrimers show- 
better efficiency than Ihe comparative example. Although not shown a device with a 
neat layer of Ir-Gl has a lower efficiency than a device with a neat layer of Ir-G2. These 
results clearly show that Ir dendrimers that have dendrons containing carbaziole units 
offer marked benefits over the previously known Ir dendrimers. 
Photoinminescent quantum yield (PLQ Y) of Green Lr-Dendrimers in Neat Films 



Dendrimer 


PLQY % 




22 


Ir-G2 


31 


lr-CaibQ15 


48 


Ir-CarbQ2 7 


35 



These film PLQYs were measured in an integrating sphere following excitation at 
325nm, The PLQYs are higher for both the carba2»le-type dendrimer films than the 
non-cafbazole-type iridium dendrimer films, with the most marked increase (22% to 
48%) shown by the first generation dendrimers. 

Compound 5 undergoes a nmnber of chemically reversible electrochemically quasi- 
reversible oxidations m dry inert con(fitions> whereas under the same conditions bothj&c 
ttis(2-phenylpyridiBe) iiidium (JS) and the dendrimer Ir-Gl each only undergo one 
chemically reversible electrochemically quasi-reversible oxidation. However the 
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reduction behaviotK of 5 is vety stailar to the behaviour of the non-carba^le-type first 
generation iridium dendrimer Ir-Gl. 

Gl-Ir-Carbazole (5) of Example 11 and G2.Ir-C^ba^le (7) of Example 12 were used in 
single-layer OLED devices. Tlaey were obtained fiom a 15mg/tnl solution in cMoroform 
and spin coated at 2000ipm for 60 seconds to provide the structure 
ITO/Dendrimer/Ca/Al. Tb. thickness of the layer of compound 5 was about 45 mn and 
to of compound 7 about 65nm. TTxe CIE coordinates obtained are x = 0340, y - 0.610 
for Gl-Ir-carbazole (5) andx = 0.332, r= 0.628 for G2.Ir.Carbazole (7). 
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CLAIMS 

1, A light emitting device which comprises at least one layer that contains a 
phosphorescent organometallic dendrimer with a metal cation as part of its core and with 

5 at least one dendron which comprises at least one nitrogen atom which forms part of an 
aromatic ring system or is directly bonded to at least two aromatic groups. 

2. A device according to claim 1 wherein the dendrimer is in the light 
emittiiig layer. 

3- A device according to claim 1 or 2 wherein the dendrimer is the light 
10 emitting material. 

4. A device according to any one of claims 1 to 3 wherein the dendrimer is 
phosphorescent in the solid state. 

5. A device accordmg to any one of the preceding claims wherein the 
dendrimer has at least one inhereirtiy at least partly conjugated dendron. 

15 6. A device according to claim 5 wherein the dendrimer has at least 2 

inherently at least partly conjugated dendrons. 

^ 7, * A device according to claim 6 wherein all the dendrons are inherently at 
least partly conjugated, 

8. A device according to any one of the preceding claims wherein the 
20 dendrimer is used as a homogeneous layer. 

9. A device according to any one of claims 1 to 7 wherein the dendrimer is 
blended with one or more other dendrimers and/or polymers and/or molecular materials, 

10. A device according to claim 9 wherein the molar ratio of organometallic 
dendrimer to other component(s) is from 1,0001:1 to 100:0.00L 

25 11. A device according to claim 9 wherein the molar ratio of organometallic 

dendrimer to other CQmponent(s) is from 1 : 1 to 1 : 1 00. 



! 
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12. A device according to any one of the preceding claims wherein at least 
one dendxon comprises at least one nitrogen atom which fonns part of a cafbazole ring. 

13. A device according to any one of the preceding claims wherein all the 
nitrogen atoms in the dendron are part of carbazole groups. 

14. A device according to any one of the preceding claims wherein the 
dendrmier comprises 3 to 21 cariiazole urnts. 

15. A device accoarding to any one of claims 1 to U wherein at least one 
dendron comprises at least one nitrogen atom which is directly bonded to 2 to 3 aryl or 
heteroaiyl groitps. 

16. A device according to any one of the preceding claims wherein the 
dendrimer comprises at least one nitrogen atom as defined in claim 12 and at least one 
nitrogen atom as dejfined in claim 15. 

17. A device according to any one of the preceding claims wherein the 

organometallic dendrimer has the formida (£)i- 

COEE-|pENDRON]„ 0) 



I which CORE represents a metal cation or a group containing a metal cation, n 
represents an integer of 1 or more, each DENDRON,, which may be the same or 
20 different, represents a dendritic molecular structure comprising at least one nitrogen 
atom which forms part of an aromatic ring system or is directly attached to at least two 
aromatic groi^, CORE terminating in the single bond to the first nitrogen atom or • 
aromatic ring to v^ich more than one dendritic chain is attached, said nitrogen atom or 
ring forming part of said DENDRON. 
25 1 8. A device according to clahn 17 ^Qtom CORE terminates In a single 

bond to a fast nitrogen atom whidi fonns part of an aromatic ring system to which more 
than one daidritic chain is attached. 
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19. A device according to claim 1 8 wherein CORE terminates in a single 
bond to a first nitrogea atom to which two dendritic chains are attached. 

20. A device accordiiig to any one of claims 17 to 19 wherein at least one 
said DENDRON comprises an aromatic group in conjugation with a said nitrogen atom 

5 or a mtrogen-containing aromatic ring system- 

21 . A device according to any one of claims 1 7 to 20 wherein the said 
single bond is attached to a carbazole group to which more than one dendritic chain is 
attached* 

22* A device according to any one of claims 1 7 to 20 vrfierein the said 
10 single bond is attached to an sryl group to which one or more carbazole groiips are 
attached. 

23 . A device according to any one of claims 1 7 to 22 wherein the . 
aromatic group is a phenyl group or a heteroaryl group, 

24. A device according to any one of claims 1 to 16 wherein the 
1 5 organometallic dendrimer has the formula (I):- 

COR£-^EDENDRON]„ (I) 

in which CORE represents a metal cation or a group containing a metal cation, n 
20 represents an integer of 1 or more, each DENDRON, which may be the same or 

different^ represeints a dendritic molecular structure comprising at least one uitrogen 
atom which forms part of an aromatic ring system or is directly attached to at least two 
aromatic groups, CORE terminating in the single bond to the fust Sp^ hybridised carbon 
atom to which more than one dendritic chain is attached, 
25 25 , A device according to any one of the preceding claims wherein the links 

between branching groups in Ihe dendron are phenyl or fluorenyi groups^ 



PRIODOC-X 



2004-05 



-33- 

26. A device accordlftg to any one of the preceding claims wherein &e 
organometaUic dendrimer comprises at least one co-ordinating group which is not 
dendritic. 

27. A device according to any one of the preceding claims wheardn the 
5 CORE is represented by formula (H):- 

M[x-],Y, ai) 

where M is a metal ion, each {X-}, which are the same or different, is a coordinatmg 
10 • group X attached to a single bond in which CORE terminates, each Y, which may be the 
same or different, is a coordinatmg group, q is an integer and r is 0 or an integer, the sum 
of (a.q) + (bj) bemg equal to the number of coordination sites available on M, wherein a 
is the number of coordmation sites on [X-;] and b is Ihe number of coordination sites on 
Y. 

15 28. A dcyvice according to any one of the preceding claims wherein tiie 

metal cation is a second or thhd row transition metal. 

29. A device accordmg to any one of the preceding claims wherein the metal 

cation is iridium, 

30. A device according to clahn 29 wherein ihe core comprises an iridium 

20 cation and an aryl-pyridine or a hetero aryl-pyridine. 

31. A device according to claim 30 wh^rem the core comprises an iridium 

cation and aphenylpyridine. 

32. A device according to any one of claims 1 to 28 wherein the metal cation 

is rhenium. 

25 33 , A device according to any one of the preoedhag claims, wherein at 

least one surface group is attached to the distal end of the dendrites. 
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34. A device according to claim 33 wherein the surface group is such 3s to 
- allow solution processing. 

35. A device according to claim 33, wherein at least one surface group is 
selected from a forther-reactable alkene, (meth)acrylate, sulphux-containing, or silicon- 

5 oontai33ittg group; sulphonyl group; polyether group; Crto-Cjj alkyl group; amine group; 
mono-, di- or tri- Crto-Ci5 alkyl amine group; -COOR group wherein R is hydrogen or 
CrtO"Ci5 allcyl; -OR group wherein R is hydrogen, aryl, or Crto-Ci5 alkyl or alkenyl; - 
OjSR group wherein R is Ci-to-Cis alkyl or alkenyl; -SR group wherein R is aryl, or Cr 
to-Ctg alkyl or alkenyl; -SiRj group wherein the R groups are the same or different and- 

10 are hydrogen, Crto-Cjs alkyl or alkenyl or --SR' group (R' is aryl or Crto-Cx^ alkyl or 
alkenyl), aryl, orheteroaryL 

36. A device according to claim 35 wherein the surface group is such as to 
allow patterning. 

37. A device according to claim 35 or 36 wherein the layer containing the 
15 organometallic dendrimer has been deposited by solution processing. 

38. A device according to any one of claims 2 to 37 which comprises in 
addition to the light emitting layer at least one charge transporting and/or injecting 
layer, 

39. A device according to any one of the preceding claims which is a light- 
20 emitting diode (LED). 

40. A device according to any one of claims 1 to 38 which is a photovoltaic 

device. 

41 . A device according to claim 1 substantially as hereinbefore described. 

42. A phosphorescent organometallic dendrimer with a metal cation as part of 
25 iiB core with at least one dendron which comprises at least one nitrogen atom which 

forms part of an aromatic ring system or is directly bonded to at least two aromatic 
groups. 



"WD03079736 PRIODOC-X 2004-05 



-35- 

43 . An organometallic dendrimer according to claim 42 whsredn the nitrogen 

atom forms part of a carljiazole ring. 

44. An organometallic dendrimer accordii^ to claim 42 or 43 whereia the 
nitrogen atom is directly attached to 2 or 3 aryl groups. 

5 45. An organometalHc dendrimer according to any one of claims 42 to 44 

wherein the dendrimer comprises at least one nitrogen atom as defined in claim 43 and at 
least one nitrogen atom as defined in claim 44. 

46. An organometaiEc dendrimer accordmg to any one of claims 42 to 45 
vMch is phosphorescent in the solid state. 

10 47. An organometallic dendrimer accordmg to claun 42 which has one or 

more of the features of clauns 5 to 7 and 12 to 36. 

48. A process for producirg a dendrimer as claimed in any one of claims 42 

to 47, which process comprises; 

(a) providing a core by forming a complex between a metal cation and one or 
15 more coordinating gror^s, at leasttwo of the said groiq)S bearing a 

reactive ftinctionality; and 
^ (b) tr^ting the core thus provided with one or more dendrons which have 

been fiinctioiialised to render them reactive towards the reactive 
functionalities presaat in the core»at least one of tte dendions comprising 
20 at least one nitrogen atom which forms part of an aromatic ring system or 

is directly bonded to at least two aromatic groups. 
49. A process according to claim 48 wherein at least one of the coordinating 
groups does not contam a'reactive functionaUty and consequently remains free of 
attachment to a dendron in step (b). 
25 50. A process according to claim 48 or 49 wherein the core i»ovided in step 

(a) is represented by fpminla (II) as defined in claim 27 wherdn each pC-j includes a 
reactive functionality. 
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51. A process for producing a dendrimer as claimed in any one of claims 42 
to 47, which process comprises: 

(a) attaching a coordmating group to each of one or more dendrons, at least 
one of which comprises at least one mtrogen atom wMch forms part of an 

5 aromatic ring system or is directly bonded to at least two aromatic groups 

and 

(b) forming a complex between the coordinatmg groups and a metal cation 
which is optionally bonded to one or more Ugands which remain in the 
resulting complex. 

10 52. A process for producing a dendrimer as claimed in any one of claims 42 

to 47, vMoh process comprises: 

(a) attaching a coordinattog group to each of one or more dendrons at least 
one of which comprises at l^st one nitrogen atom which forms part of an 
aromatic rhig system or is directly bonded to at least two aromatic 

15 groups; 

(b) foradng a complex between the coordinating groins and a metal cation; 
^ and 

(c) optionally further treating said complex with one or more additional 
cooidina&g Ugands. 

20 53 . A process according to claim 5 1 or 52 wherein the complex formed 

between coordinating groups and the metal cation in step (b) is represented by formula 
(H) as defined in cteim 27* 
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ABSTRACT 

vwoRPHOUKSCENT ni^NDRIMERS 

A light eniitting device vMch comprises at least one layer tiiat contains a 
phosphorescent organometaUic dendrimer with a metal cation at its core and with at least 
one dendron wHch comprises at least one nitrogen atom which forms part of an aromatic 
ring system or is directly attached to at least two aromatic groins. 
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